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NEUTRONIC DESIGN COI’WIDEWTIONS FOR ACCELERATOR TRANSMUTATION OF

LWR WASIX

by

Joseph L. Sapir and Burton J. Krohn
Reactor Design and Analysis Group

Los Alamos National Laboratory
LOSA.klIIIOS, NM 87545

We are designing a system that uses a high rwutron flux produced by a beam of accelerated

prolons to transmute large quantities of both actinide and fission product wastes from light water

reactors. Fissions induced in the actinide multiply the soume, but the system remains subcriticim.

Earlier designsl’1 showed the feasibility of processing wastes from the depositories al the DOE

fiicility at Hanford, WA within 3(1 years using a Nanket containing aqueous slurries. Those

design goals wem rapid transmutation of fission products and relatively slow actinide burns (with

&ffs ().70) consistent with smaller ac[inide waste inventories al Hanford. Present studies focus

on processing fission products in the presence of high level wastes from LWR’S at kerf S 0.95.

Neutrrmic calculations arc pcrfornwd with one- and two-dimensional S, codes,

Figure 1 shows a radial schematic cd-the target-ldanket configuration. Thc uargetconsisLsof

solid cylintirkul mngslcn phmx spmwl tit intcrwds along tic axis [o rcducc ncutrcm loss in the

uwgc[. Thc [ungstun is surrounded by a region of solid lead ml DZO. Both wrgc[ regions urc

homogenized in onc-dimcnsionid mmlcling. The Pb is followed hy an aluminum target stmctum,

a Zircaloy tank wall, a thin 1-molar Tc-DJ) tiuffcr region of vuriahlc thickness, and [hc active

ac[inidc hlankct rvgion summhxl by a D20 outer nflccior.

Ilw ac[inidc is contuincd at high pressure in 250 Luhcsin a hcxagonul Iutlicc, Wc assume ‘I

calcultitcd’ cquilihrium uctinide composition uttaincd during irrtidiation of LWR wa~tw in a flux of

1.Ox101’ rkm~-scc. Wc analymd un individual Mticc cdl of infinite Icngth to mtiximiw its ~n

(i,c,, L in [hc non-lcoking uni[ CCII), Each CCII conwins ~hcuctinidc slulry within Zr-Nh tubes

(d(whlc-wtillcd with iI [(NuI tiicknw of 1.23 cm) sumoundcd hy a zone of D+) modcrmor,



Increasing the (inner) tube radius from small values (1 cm) has a positive, but small, effccl on L.

(3) The pitch must provide several cm of DZO between outer ME walls for effective moderation.

(The full blanket siz dewnds line~ly on the pitch.) Based on these results, we selected an

actinide concentration of 75 #l, an inner tube radius of 5.0 cm, and a 23.8-cm pitch, and this

gave h=l.158.

We lhen simulated absorption in the unit cell due to calculated buildupJ of fission products

(excluding Tc and 1), dwing a 10-day exposure to a flux of 1.0xIO15 n/cm%ec; this was done by

incorporating an amount of IOB into the slurry that resulted in the equilibrium fission-

prnduct:actinide absorption ratio, This reduced h for the unit cell by 0.057.

ln our full blanket calculations we homogenized the unil cell to maintain cylindrical

symmetry; constituent materials and cross sections were flux-volume weighted to preserve

reaction rates. Radial Ica.kagc and neutron capture in Mn.ket materials reduced ~rr by anrxhcr

0.057, and an additional 0.035 was lost in the inclusion of an axial-leakage approximation into the

onwdimcnsimml calculation. The resulting blankc[ ~m was 1.009.

In [hc remaining calculations wc simulated [hc Iwming of long-lived fission produc~s. Tc

en[ercd the hlankct in two indcpendcn[ locations: (1) the variable buffer zone (at 1 molar

conum~ution) and (2) homogcncmrdy throughout [he actinide region and tie ouwr mfhxtor. Tlw

absorbing Tc rcduccd k,ll fmrn the initial value of 1.(X)9 m selmcd fixed \“ulucs.

RCSUIN showwl thw, generally, mom wiIstc ma[crial car, hc procc.ssedwhen operating ala

higher k,~[, and [hut, iI[ fixed JGl[,mm can ndjus[ the Tc buffer width [o enhuncc ci[hcr the Tu

tr:msmutution or the actinidc fission w the cxpcnsc of tic other. For a 14(}mA beam of I!(X) McV

protons, a Wmkc[ wi[h k#195 and a huffcr thickness of 1.9 cm will qxxittc at iI power Ievcl of

1542 MW and mmsmuw the actinidc and fission-product WH.WCRfrom 1.Ni PWR’S,
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Fig. 1. Schematic of aqueous A’TW tanet-blan.ket configuration..-


